Natural killer (NK) cells are large granular lymphocytes capable of lysing certain tumor and virus-infected cells without major histocompatibility restriction (5, 6, 12-14, 33, 48) . NK cells are defined as membrane CD3
Ϫ , CD56 ϩ lymphoid cells (3, 4) that also express the FcRIII receptor (CD16) responsible for killing antibody-coated target cells (24, 25) . Several defects have been identified in NK cells of newborn infants that may make them more susceptible to viral infection than adults. Antibody-dependent cellular cytotoxicity (ADCC), mediated by NK cells, is lower in newborn mononuclear cells (MNC) than in adults (27, 28, 30) . MNC from newborn infants have reduced capacity to produce cytokines, particularly interleukin-2 (IL-2) and gamma interferon (12, 14, 30, 31) , both of which are important in upregulating NK cytotoxicity, which further contributes to the newborn's susceptibility to infection (32, 34, 35) .
Cytokines, such as IL-2, increase the cytotoxicity of neonatal NK cells against K562 targets (36, 37, 41) and virus-infected cells (42) . IL-12, a 75-kDa heterodimeric cytokine secreted by monocytes and neutrophils, has been shown to enhance cytotoxicity against K562 and human immunodeficiency virus (HIV)-infected cells by both healthy adult and neonatal NK cells, although it is less effective in neonatal cells (7, 23, 44, 45) . IL-12 acts synergistically with IL-2 to induce lymphokine-activated cytotoxicity in fresh NK cells from healthy adult controls (10) .
A recently cloned cytokine, IL-15, distinct from IL-2 and IL-12, has been found to play an important role in enhancing various lymphocyte functions, including NK and T-cell cytotoxicity (7, 10, 19, 53) . IL-15 is a 14-to 15-kDa cytokine first identified in the culture supernatants from two simian cell lines and produced primarily by monocytes or macrophages in humans (11, 17) . Transfection studies demonstrate that IL-15 interacts with the ␤ and ␥c subunits of the IL-2 receptor (IL-2R) complex necessary for binding and signal transduction (20) . IL-15 requires the IL-2R ␤ chain, but not the ␣ chain, to induce lymphocyte activity, making it the only cytokine other than IL-2 that employs the ␤ subunit (10, 23) . IL-15R uses a unique ␣ chain and has a broader tissue distribution than IL-2R, as the expression of IL-15 mRNA has been detected in the placenta, skeletal muscle, kidney, and activated monocytes/ macrophages (2, 21, 23) . IL-2 and IL-15 are members of the four-␣-helix bundle cytokine family and, thus, share biological functions, which include stimulating T-cell proliferation, inducing activation of NK cells, and stimulating immunoglobulin production by B cells (7) . IL-15 stimulates the production of other cytokines by NK cells, including gamma interferon, granulocyte/macrophage colony-stimulating factor, and tumor necrosis factor alpha (10) . IL-15 is similar to IL-2 in its ability to act synergistically with IL-12 to enhance NK activity (10) . IL-15, as well as IL-2, increases the ability of NK cells to mediate ADCC (10) , stimulates the expansion of AIDS virus-specific cytotoxic T-cell lymphocytes in HIV-infected patients (29) , activates NK cell adhesion to the vascular endothelium, and activates the migratory response (1). IL-15 differs from IL-2 in its ability to stimulate mast cell proliferation and skeletal muscle hypertrophy in cultured myoblasts (47, 50) .
We previously reported that IL-15 enhances NK and ADCC activity of adult and neonatal MNC in cultures for up to 7 days (43) . In this study, we present data to show that IL-15 enhances NK cytotoxicity and ADCC of neonatal cells and also increases the percentage and absolute number of NK cells in culture for 6 weeks or more. Prolonged stimulation of MNC from cord blood with IL-15 also results in a subpopulation of NK cells with unique phenotypic markers and high cytotoxic activity.
MATERIALS AND METHODS
Subjects. MNC were obtained from healthy adult volunteers and from the umbilical cord of term newborn infants after normal vaginal delivery according to the guidelines established by the UCLA Human Subjects Protection Committee. Cord blood was collected into sterile heparinized tubes and processed within 24 h of birth. Cord blood was used to obtain neonatal lymphocyte populations, as there would be ethical concerns in obtaining peripheral blood from healthy newborns for a study such as this one in which there are no direct benefits for the infant.
Effector cells. MNC were separated from heparinized blood using FicollHypaque density gradient centrifugation. The isolated cells were resuspended at a density of 10 6 cells/ml in RPMI 1640 medium (Irvine Scientific, Santa Ana, Calif.) supplemented with 10% heat-inactivated fetal calf serum (FCS). MNC were then placed in a 15-ml culture tube (Falcon 2095; Becton Dickinson, Oxnard, Calif.) or a 25-cm 2 tissue culture flask (Sarstedt, Inc., Newton, N.C.) with no cytokines or with recombinant IL-12 (R&D Systems, Minneapolis, Minn.) and/or IL-15 (Immunex Corp., Seattle, Wash.) and/or IL-2 (Cetus, Emeryville, Calif.). The cells were incubated at 37°C in 5% CO 2 without cytokines or with various cytokine combinations and concentrations for periods of times ranging from 18 h to 12 weeks. Interleukin dosages for optimal in vitro NK activity were used as previously described (5, 6) . The cytokines were added at the same dosages every 3 to 4 days to the cultures to maintain optimal concentrations in the longer experiments. The concentrations selected for this study allowed us to examine the effects of combining the cytokines and also to approximate levels that might be achieved pharmacologically. After incubation, the MNC were washed and resuspended to a density of 2.5 ϫ 10 6 cells/ml for cytotoxicity assays. Flow cytometric analysis. Healthy adult and umbilical cord MNC were washed in cold phosphate-buffered saline containing 2% FCS and 0.1% sodium azide and then stained with fluorescein isothiocyanate-or phycoerythrin-conjugated mouse anti-human monoclonal antibodies. Ten microliters of the appropriate fluorescent reagent was incubated with 5 ϫ Target cells. Cytotoxicity was examined by measuring the release of 51 Cr from target cells. The tumor cell line K562 was used as the target cells and prepared as previously described (49) .
CEM.NKR cells (a NK-resistant human T lymphoblast tumor cell line) were maintained in long-term culture in RPMI 1640 medium with 10% FCS (46) . On the day of the assay, 2 ϫ 10 6 to 5 ϫ 10 6 CEM.NKR cells were pelleted in a 5-ml centrifuge tube, resuspended, and then incubated with 1 g of HIV type 1 (HIV-1) gp120 recombinant protein strain MN (MicroGeneSys, Meriden, Conn.) per 2 ϫ 10 6 targets and 100 Ci of 51 Cr in a 37°C water bath for 2 h with mixing every 15 to 20 min. After incubation, the chromate-labeled cells were washed three times with 5 ml of RPMI 1640 medium, resuspended at a density of 2 ϫ 10 5 cells/ml, and added to the wells. NK assays and ADCC assays. When K562 cells were used as targets, 10 4 cells in 100 l were added to each well (final concentration, 5 ϫ 10 4 /ml) in RPMI 1640 medium containing 10% FCS. To achieve a 25:1 effector-to-target cell ratio, 2.5 ϫ 10 5 MNC were added to each well; 1.0 ϫ 10 5 MNC were added for a 10:1 ratio. The final volume was 0.2 ml for all wells.
When CEM cells coated with HIV-1 gp120 protein were used as targets, HIV hyperimmune intravenous immunoglobulin (HIVIG; North American Biologicals, Miami, Fla.) at a dilution of 1:5,000 was used to assess ADCC. HIVIG is a 5% solution of 99% immunoglobulin G from pooled plasma samples from HIV-1 seropositive asymptomatic donors with CD4 counts of Ͼ400/mm 3 and a high antibody titer to p24 HIV antigen (15) .
The plates containing target cells and effector cells were centrifuged at 100 ϫ g for 3 to 5 min and then incubated at 37°C in a CO 2 incubator at various effector-to-target cell ratios as described above. All assays included additional wells with effector and target cells in the absence of antibody; the resulting cytotoxicity is referred to as "natural killing" or "NK activity." We refer to the cells that have been stimulated with cytokines for several days as "activated NK" cells rather than "lymphokine activated," as IL-15 is not a lymphokine. The
FIG. 1. Effects of IL-15 on CD16
ϩ CD56 ϩ receptor expression of MNC from healthy adult controls (A) and umbilical cord blood (B). MNC were incubated without cytokines (no cytokine) or various concentrations of IL-15 (0.1, 1, and 10 ng/ml). Flow cytometry assays were conducted at weekly intervals to determine receptor expression. The data shown were compiled from samples from 44 cords and 15 adults and are expressed as means Ϯ SEMs (error bars). The P value compares percent expression without cytokines to that of samples with cytokines.
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incubation times for assays using K562 and CEM cells as targets are 3 and 4 h, respectively. After incubation, plates were centrifuged at 300 ϫ g for 10 min. Culture supernatants (40% of total volume) were harvested, and cells were counted to assess 51 Cr release. Specific lysis was determined by using the following formula: percent specific lysis ϭ {[experimental counts per minute (cpm) Ϫ spontaneous cpm]/[total cpm Ϫ spontaneous cpm]} ϫ 100. The mean total release and mean spontaneous release (in counts per minute) in this series of experiments were 5,422 Ϯ 336 and 971 Ϯ 119, respectively, for K562 cells and 7,245 Ϯ 318 and 1,256 Ϯ 87, respectively, for CEM cells. Due to the limited number of cells available for many of the assays, we could not include a third (higher) effectorto-target cell ratio, as required for generating lytic unit data to measure cytotoxicity.
Expansion. Cell yield was determined in cultures incubated with or without cytokines with a beginning cell concentration of 10 6 cells/ml. Weekly cell counts were taken to monitor and tabulate changes in cell concentration. Cell cultures exceeding 1.2 ϫ 10 6 cells/ml had additional volumes of RPMI 1640 medium added to achieve the original concentration (1 ϫ 10 6 cells/ml). In computing the change in cell concentration, calculations were relative to the original cell concentration (10 6 cells/ml). Cell expansion was determined by the following for-
Data analysis. Student's t test (two-tailed) was used to compare the reported means with the standard errors for the different variables. The data are expressed as means Ϯ standard errors of the means (SEMs); n refers to the number of experiments performed. The group means being compared were considered significantly different if P was less than 0.05.
RESULTS
Effects of IL-15 on CD16 and CD56 expression. The percentages of adult and cord blood MNC expressing both NK markers (CD16 and CD56) were examined weekly during a 6-week incubation (Fig. 1) . Expression of CD16 ϩ CD56 ϩ markers in freshly isolated cord MNC was 7.0% Ϯ 2.4% (n ϭ 6), decreasing to 1.3% Ϯ 0.9% (n ϭ 5) after 6 weeks of culture when no cytokines were present. The percentage of CD16 ϩ CD56 ϩ cells also declined in adult cells after incubation for 6 weeks in a manner similar to that of cord cells. When IL-15 (10 ng/ml) was added for 1 week, there was a significant increase in CD16 ϩ CD56 ϩ expression in both adult MNC (17.1% Ϯ 4.4%) and cord MNC (16.2% Ϯ 3.0%). Prolonged incubation with IL-15 (10 ng/ml) resulted in increased receptor expression in cord MNC, reaching 35.1% Ϯ 3.6% by week 5. By contrast, CD16 ϩ CD56 ϩ expression on adult MNC was not that significantly increased after the first week of incubation, reaching 22.6% Ϯ 3.9% by week 5. The effects of IL-15 (1 ng/ml) were similar to those of IL-15 (10 ng/ml), with approximately twice as many cord MNC expressing CD16 ϩ CD56 ϩ after 5 weeks compared to adult MNC. IL-15 (0.1 ng/ml) was less effective than the higher concentrations of IL-15 in inducing CD16 ϩ
CD56
ϩ expansion but still higher than that of no cytokines. Thus, cord MNC were much more effective than adult MNC in generating CD16
ϩ CD56 ϩ cells after stimulation with IL-15 in these long-term cultures.
Effects of IL-15 on CD3 and CD8 expression. Adult control and cord blood MNC expression of both CD3 and CD8 (cytotoxic T cells) was also examined in the presence and absence of IL-15 (Fig. 2) . Expression of CD3 ϩ CD8 ϩ markers in freshly isolated cord cells was 5.4% Ϯ 1.3%, decreasing to 0.6 Ϯ 0.6% after 6 weeks when incubated in medium only. The percentage of CD3 ϩ CD8 ϩ cells present in freshly isolated adult MNC was 17.0 Ϯ 0.2 and also declined in the absence of cytokines. When
FIG. 2. Effects of IL-15 on CD3
ϩ CD8 ϩ receptor expression of MNC from healthy adult controls (A) and umbilical cord blood (B). MNC were left untreated (no cytokine) or incubated with various concentrations of IL-15 (0.1, 1, and 10 ng/ml) at 37°C in 5% CO 2 . Flow cytometry assays were conducted at weekly intervals to determine receptor expression. The data shown were compiled from samples from 22 cords and 13 adults and are expressed as means Ϯ SEMs (error bars). The P value compares percent expression without cytokines to that of samples with cytokines. ϩ expression peaked at weeks 2 and 3 and then steadily declined. CD3 ϩ CD8 ϩ expression on adult cells also continued to increase after 2-and 3-week incubation with IL-15 (10 ng/ml), but a decline as seen with cord MNC was not as apparent. Lower concentrations of IL-15 did not have a significant effect on CD3 or CD8 expression in cord or adult MNC.
Emergence of CD8 ؉ CD56 ؉ population. The data presented in Fig. 1B indicate that approximately 40% of cord MNC express both CD16 and CD56 after 6 weeks of incubation with IL-15 (10 ng/ml), but further analysis revealed that the total number of MNC expressing CD56 ϩ was more than 80% by week 6, indicating there was approximately 40% of MNC that were CD16 Ϫ CD56 ϩ . In Fig. 3 , the incubation period of cord MNC has been extended to 10 weeks, and the total number of cells expressing CD56 ϩ now exceeds 90%. Further analysis of data presented in Fig. 2B also showed that the total number of cord MNC expressing CD8 far exceeded those staining for both CD3 and CD8. This discrepancy is magnified when cells were cultured for 10 weeks; the number of CD3 ϩ CD8 ϩ cells greatly declined, whereas the total number of CD8 ϩ cells exceeded 60% (Fig. 3) . Note also that the total number of CD3 ϩ cells also greatly declined, indicating there were no CD3 ϩ CD8 Ϫ cells or Ͻ10% CD3 ϩ CD8 ϩ cells remaining.
When the MNC were stained for both CD8 and CD56, we find that almost all CD8 cells (approximately 60% of MNC) were also stained for CD56 (Fig. 3) . This CD8 ϩ CD56 ϩ population is not present in fresh cord blood and, thus, is unique in its phenotypic expression. Incubation of cord MNC with IL-15 at 1 ng/ml also resulted in the majority of cells (59.7% Ϯ 5.9%) staining for both CD8 and CD56 after 6 weeks of culture. CD8
ϩ CD56 ϩ cells are not normally found in the peripheral blood of adults, but they may be generated after culture with IL-15, although not to the extent seen with cord cells (up to 30% after 9 weeks with adult cells).
Triple staining for CD8, CD16, and CD56 were done on selected cord MNC cultures grown for 3 to 6 weeks. Approximately 50% of the CD8 ϩ CD56 ϩ cells were also positive for CD16 (CD8 ϩ CD16 ϩ CD56 ϩ ), making an equivalent number FIG. 3 . Effects of IL-15 (10 ng/ml) on receptor expression of MNC from umbilical cord blood. MNC were incubated in the presence of IL-15 (10 ng/ml), and flow cytometry assays were conducted weekly to determine receptor expression. The data shown was compiled from 14 cords (although data were not available for every time point) and are expressed as means Ϯ SEMs (error bars). The P value compares percent expression without cytokines to that of samples with cytokines. The total percentages of cells staining for a single receptor (CD3, CD8, or CD56) and cells staining for two receptors (CD3 ϩ CD8 ϩ or CD8 ϩ CD56 ϩ ) are shown. 
CD56
ϩ greatly declines if IL-12 is combined with IL-15. Likewise, IL-12 will enhance cytotoxicity of cord MNC after 1 week, but it inhibits the cytotoxicity of IL-15 when given with IL-15. In Fig. 4 , we have extended these studies and found that IL-12, alone and particularly in combination with IL-15, greatly diminishes the percentage of CD16 ϩ CD56 ϩ cells by week 4. IL-12 also greatly decreases the total number of cells recovered (not shown), making studies longer than 4 weeks with IL-12 very difficult due to lack of cells remaining in culture. IL-12 has a similar inhibitory effect on NK cell cytotoxicity as discussed below.
Effects of IL-15 on expansion of cord and adult MNC. Expansion of adult and cord MNC was monitored over an 8-week period in as shown in Fig. 5 . In medium alone, a gradual reduction in adult MNC was observed over the incubation period. However, there was a more profound decrease in the cord MNC without cytokines, with the loss of almost all cells after 6 weeks of culture (Fig. 5B) . Incubation with IL-15 at 1 ng/ml maintained levels of cord and adult MNC at approximately 10 6 cells/ml with no net change. IL-15 at 10 ng/ml resulted in expansion of both cord and adult MNC, with cord cells expanding more than threefold by week 5. Cord and adult MNC incubated in 0.1 ng of IL-15 per ml declined in cell number, similar to cultures with no cytokines. Incubation of cord MNC in IL-2 (100 U/ml) also expanded at a rate similar to that of IL-15 at 10 ng/ml (not shown). Cord and adult MNC incubated in IL-12 (1 ng/ml) also declined in number after 2 weeks of culture and continued to decrease in subsequent weeks.
Effects of IL-15 on natural killer activity against K562 cells. In the absence of cytokines, cord NK activity was much lower than that of adults, although NK activity for both adult and cord cells dropped to zero by week 4 without IL-15. Overnight (18-h) incubation with IL-15 at 1.0 and 10 ng/ml enhanced NK activity of cord MNC, and K562 lysis reached approximately 70% after 1 week as previously reported (43) . This high level of cytotoxicity was maintained for 5 weeks (Fig. 6B ) and continued to be high in some cords incubated with IL-15 for as long as 12 weeks (not shown). Adult MNC, starting at a much higher baseline NK activity in the absence of cytokines, still significantly increased NK activity after overnight incubation with IL-15 at 10 ng/ml. and NK activity tended to increase over FIG. 4 . Effect of cytokines on CD3 CD8 (A) and CD16 CD56 (B) receptor expression of MNC from umbilical cord blood. MNC were incubated in the presence of IL-15 (10 ng/ml), IL-12 (1 ng/ml), and IL-15 plus IL-12. Flow cytometry assays were conducted at weekly intervals to determine receptor expression. The data shown were compiled from samples from 18 cords and 12 adults and are expressed as means Ϯ SEMs (error bars). The P value compares percent expression without cytokines to that of samples with cytokines.
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4 weeks (Fig. 6A) . With the lowest concentration of IL-15 (0.1 ng/ml), cord NK activity significantly increased to approximately 60% and then gradually declined over 5 weeks. Adult MNC NK activity was slightly lower after 1 week with IL-15 at 0.1 ng/ml but was higher than the values for medium alone after 2 and 3 weeks of incubation. Note that the dose response of NK activity in Fig. 6 resembles the percentage of cells expressing the CD16 ϩ CD56 ϩ NK phenotype with IL-15 as shown in Fig. 1 , particularly with regard to the cord cells.
Effects of IL-15 and IL-12 on NK activity. The effects of IL-15 and IL-12 alone and together on cord NK activity are shown in Fig. 7 at a 25:1 effector-to-target cell ratio. IL-15 at 10 ng/ml markedly enhances NK activity for the 4-week period as shown previously. IL-12 alone greatly increased K562 lysis (54.6% Ϯ 4.3%) compared to medium alone (24.0% Ϯ 2.9%) in 18-h assays. IL-12 alone continued to increase NK activity after 1 week of culture, but NK activity then declined after 2 weeks and was essentially zero after 4 weeks in great contrast to IL-15. The combination of IL-15 and IL-12 resulted in greater cytotoxicity than either cytokine alone after an 18-h incubation but then declined after week 1. NK activity also eventually declined to zero by week 4 with the combination of the cytokines. This observation suggests that IL-12 inhibits IL-15-induced activity and loses its stimulatory properties by week 2. Cord MNC incubated with IL-15 alone for 3 weeks also declined in NK activity within a week after the addition of IL-12, indicating that IL-12 was inhibitory even if not present at the start of culture (not shown). Thus, IL-12 appears to inhibit cytotoxic activity in longer cultures, similar to the effect seen on CD16 ϩ CD56 ϩ expression in Fig. 4 .
Enhancement of activated NK and ADCC against gp120-coated CEM.NKR cells. Cord cytotoxicity was also tested using CEM.NKR cells coated with HIV protein gp120 in the absence of antibody (NK activity) or in the presence of antibody (ADCC activity). In Fig. 8 , ADCC activity and total cytotoxic activity, which is the sum of ADCC and NK activity, are shown. IL-15 maintained ADCC activity throughout the 3-week period, although ADCC activity dropped to zero by the third week in the absence of IL-15. By contrast, IL-15 had a more positive effect on total cytotoxicity through the 3 weeks, indicating a greater effect on NK activity. Thus, IL-15 does improve or at least maintain ADCC activity in cord MNC as well as enhance activated NK activity.
DISCUSSION
Previous studies have shown that IL-15 has many similarities to IL-2 in regard to its ability to stimulate NK proliferation and activation (38, 39, 43) . These similarities might have been anticipated, as IL-2 and IL-15 bind to the same ␤ and ␥ chains of the IL-2R complex, although IL-15 does bind to a novel ␣ chain (IL-15R ␣).
IL-15 differs from IL-2; IL-15 is produced primarily by monocytes and epithelial cells, whereas IL-2 is generated primarily in activated T lymphocytes. IL-15 appears to be more specific than IL-2 in differentiation of NK cells from bone marrow or fetal stem cells in two recent studies (22, 26) . IL-15 is also a potent chemoattractant and activator of NK cells. Studies in mice showed that IL-15 was responsible for preventing bacterial infection by attracting and activating NK cells at the sites where bacteria were inoculated (26, 40) . IL-15 was found to be the most potent cytokine for activating intestinal intraepithelial lymphocytes in human studies. These intestinal lymphocytes are predominantly CD8 ϩ T cells, and IL-15 was found to be 1,000 times more potent than IL-2 in stimulating blastogenesis and also better than IL-2 in inducing cytotoxicity (18) . The fact that IL-15 is produced by epithelial cells, as well as monocytes, increases its distribution throughout the body, particularly in mucosal tissues.
Thus, although IL-2 and IL-15 are similar, there are distinct differences in these two cytokines, and in many studies, IL-15 is superior with regard to stimulating differentiation and activation of specific lymphocyte populations. In the present study, we have focused on the ability of IL-15 to affect differentiation, expansion, and activation of neonatal NK cells in long-term culture.
IL-15 was able to dramatically increase the percentage and numbers of NK cells (CD16 ϩ CD56 ϩ ) in cord blood cell cultures as shown in Fig. 1 . These NK cells could be maintained in culture for up to 12 weeks. IL-15 also increased the percentage of NK cells in cultures of adult MNC (Fig. 1A) , although the percentage of CD16 ϩ CD56 ϩ cells was about half that of the cord cells. The greater response with the cord cells is likely due to differentiation of stem cells (CD34 ϩ ) and NK progenitors found in cord blood (9, 38, 51, 52) . Similar effects of IL-15 on differentiation are seen when stem cells (CD34 ϩ ) are collected from the bone marrow of adults or from peripheral blood after granulocyte colony-stimulating factor treatment in adult donors (9, 52) .
A relatively large increase in the percentage of CD3 ϩ CD8 ϩ cells or cytotoxic or suppressor T cells was also seen in cord MNC with IL-15 ( Fig. 2B ), but the percentage of CD3 ϩ CD8 ϩ cells began to decline after 4 weeks and dropped to less than 10% in cultures incubated for up to 10 weeks (Fig. 3) . Also noted was the finding that only the highest concentration of IL-15 (10 ng/ml) resulted in a substantial increase in the percentage of CD3 ϩ CD8 ϩ cells. IL-15 appeared to have a greater effect on the percentage of CD3 ϩ CD8 ϩ cells in cultures of adult MNC ( Fig. 2A) , although more CD3 ϩ CD8 ϩ cells were present at the start of culture.
IL-15 had its most profound effects on the CD8 ϩ CD56 ϩ subpopulation of cells as shown in Fig. 3 . CD8 ϩ CD56 ϩ cells are very rare in fresh cord blood but constitute more than 60% of the cells in cultures over 6 weeks in age. About 50% of these CD8 ϩ CD56 ϩ cells are also CD16 ϩ (CD8 ϩ CD16 ϩ CD56 ϩ ), and these cells most likely are a NK cell subpopulation. These cells maintain high NK activity (Fig. 6 ), whereas the percentage of CD3 ϩ cells greatly diminishes in long-term culture. Other researchers showed that stimulation of purified CD 34 We and others (39) previously reported that IL-15 greatly enhances the NK cytotoxicity of cord cells in short-term culture (1 to 10 days), and now we find this enhancement is sustained in long-term cultures (Fig. 6 ) even with the 1-ng/ml concentration of IL-15. Cytotoxicity was also enhanced using CEM cells coated with the HIV gp120 antigen (Fig. 8) . In these assays, lysis of the CEM cells may occur by an ADCC mechanism when antibody (anti-HIV antisera) is present; it may also occur directly by activated NK cells, which is evident in the absence of antibody. IL-15 had a greater impact on the NK component (noted by greater total lysis) and at least maintained ADCC activity, which was absent after 3 weeks of culture without IL-15.
IL-12 is another cytokine that stimulates NK, but its effects appear to be short lived in the present studies. If IL-12 was present, the number of CD16 ϩ CD56 ϩ cells declined to levels similar to those in cultures with no cytokines present (Fig. 4) . FIG. 8. Long-term effects of IL-15 on MNC-mediated ADCC of CEM cells coated with HIV antigen gp120 using MNC from umbilical cord blood as effectors. MNC were incubated for periods of time ranging from 18 h to 3 weeks alone (no cytokine) or in the presence of IL-15 (10 ng/ml) and tested at an effector-to-target cell ratio of 25:1. The term "total" in the figure refers to total cytotoxic activity, that is, NK plus ADCC minus spontaneous release. The data shown were compiled from samples from two cords and are expressed as means Ϯ SEMs (error bars). The P value (P Ͻ 0.05) (indicated by an asterisk) compares percent expression without cytokines to that of samples with cytokines.
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hanced killing of K562 cells by cord MNC after 1 week, but the enhancement of cytotoxicity greatly declined and was essentially zero after 4 weeks of culture (Fig. 7) . IL-12 also inhibited enhancement of IL-15 on cytotoxicity, corresponding to the decline in CD16 ϩ CD56 ϩ cells seen with the combination of the two cytokines, IL-12 alone or in combination with IL-15.
Thus, IL-15 is able to promote the propagation and activation of NK cells in long-term culture of MNC from cord blood. Although these results were obtained from lymphocytes obtained from cord blood, it seems likely that similar results would be obtained using NK cells from peripheral blood from newborns. Studies using peripheral blood are advised if clinical studies using IL-15 are anticipated. It may play a beneficial role in a number of clinical settings, such as stem cell transplantation, immunotherapy for cancer, and treatment of HIV infection. It should be considered an alternative to present clinical protocols employing IL-2. Although IL-2 and IL-15 share many similarities, IL-15 offers selective properties that may be advantageous in certain clinical situations. The clinical use of IL-15 may be of particular benefit in combating viral infections in newborns and others who have become immunocompromised. Treatment with IL-15 may be of particular usefulness in herpesvirus infections, as patients with decreased NK function are more susceptible to this virus.
